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E-Folloini, is the translation of an article by
,, . .Kll1ov, T. Ii. Lovyagina, and z. b. Ban'kovsxaya,
Laboratory for the biochemistry of Lipoid ,ietabolism,
Jepartment nf 1iochomistry, Institute of Experimental

o ,.. USR, Leningrad, published in the
Russian-language periodical Laboratornoye Delo (Labor-
atory Affairs), No 5, 1966 pages 276--280. it was
submitted on 28 Jul 964._

In 1955 6runstein and Samaille Z17 proposed a rapid and simple
= o'dimetric method for the determination of beta-lipoprotein in

L1.oo serum, it was based on the selective precipitation of the
latter with the help of dextran sulfate and heparin in the presence
of ions of Ca, In, Go, and Ni. if the appropriate conditions are
observed insoluble complex compounds 6f beta-lipoproteins with
dextran sulfate and heparin do not fall out immediately into the
precipitate, but cause a uniform turbidity of the solution. The
degree of turbidity corresponds to the concentration of beta-
lipoproteins.

The proposed turbidimetric method for the determination of
beta-.ipoprotein turned out to be suitable for tae investigation
of the blood of man and the majority of :nimals Z7. However,
t. following difficulties were encountered in the quantitative
evaluation of data obtained by this method. First of all it turned
out to be impossil to construct a standard curve based on dry
beta-lipoprotein, as this is sugoested by ai. Ledvina ZF for ex-
ample, Until now, no one has been able to obtain pure dry and
non-denatured beta-lipoprotein. The fact is that beta-lipoproteins
are ve.r unstable compounds and are denatured during drying and
freezing. Secondly, dextran sulfate, heparin, and other sulfated
polyanions precipitata lipoproteins with a density of 1.063 and
lower Z 7, i.e., not only beta-lipoproteins, but also chylomicrons.
Therefore, according to our observations an analysis of blood serum
by the turbidimetric method, especially lipemio, without the removal
of chylomicrons leads to overstated results.

In the present work a method is proposed for the separate
determination of beta-lipoproteins and chylomicrons, and also a
iethlod is cited for the construction of a standard curve which would
make it possible to obtain more accurate data on the content of beta-
lipoproteins.



For total determination of beta-lipoproteinz nrd chylomicrons
to 2 ml; of an 0.05 vi solution of CaC12 we ada 0.,- i. of zne serum
to be tested _iid determine the otical density (D-,) in a v' , -l
pilotoelectric coorianotar in a cuvette with a thitenenss of 0.5 cm
with a r-d light filter (700 nm). Then to tae cuvetta we add
0.04 ml of a 1 solution of neparin - and the mixture is olonded.
Here the beta-lipoprotoins and chylomicrons transform into an insol-
ublo condition in the form of a complex with heparin, causing a
uniform turbiditir nf the solution and thus increasing optical density.
T±i laiter Ls ue-ermined 4 minutes (exactlyL) after addition of the
heparin (D). The difference D--D1 belongs to the o)tical density
caused by lipo-proteins and chyiomicrons. in the case of highly
lipemic serum distilled water is used to dilute the latter.

* 1 mr!of heparin is equal to 130 I Lnass unit.

6ince heparin added to blood serum causes the precipitation
not only of beta-lipoproteins, but also of chylomicrons, in order
to obtain data about the content of beta-lipoproteins in serum,
especially lipemic, it is necessary first of all to separate the
chylomiorons from the beta-lipoproteins. For this purpose to 5 ml
of serum we add 1.4 ml of a solution or XaCl with a specific gravity
of 1.006 (0.85% solution). The solution of iNaCl was added very
slowly and carefully from a hyperdermic needle over the wall of
the test tube so that it stratified on the serum. Then it was
centrifuged at 10,000 g for 10 minutes. The chylomicrons rose to
the surface in the form of a thin film or ring, if they were few,
and the lipoproteins remained in the serum. The solution and serum
were not mixed. With a hyperdermic the serum was carefully drawn
out from under the saline solution and in it a determination was
made of 'the content of beta-lipoproteins by the above-stated method.

The content of chylomiorons was established by the difference
between the total content of beta-lipoproteins and chylomicrons on
the one hand and the content of beta-liproteins on the other,

Quantitative evaluation of beta-lipoproteins is made by a
standard curve which is constructed in the following manner. Serum
with a high content of beta-lipoproteins (it is desirable that
optical density, determind by the turbidimetric method, comprise
approximately 0.7-0.8), after it has been freed of chylomicrons,
is diluted with water by 2, 3, and 4 times. From each diluted
sample of serum 0.2 ml is taken for the determination of beta-lipo-
proteins by the turbidimetric method, and 10 ml of initial and
dilutedisera are used for the precipitation of beta-lipoproteins,
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irt.-iis- to tao stated vol.ume of serum, which was placed in a
c ,.mty-jrue toSt tuba, 103 ial oil distilled water, 2.5 ml of a 2 Xv

~ ...cozi' 20,and 0.8 ml of a conmiercial solution of neparin
I~~ * ~ i am) are addod., The mIxture is utirved thor-

o ;r,, _n.~ u~ rofrlgerat,,r at 2-:m for an iiuur. Then
rctifued iLn a r ,ri~erated centrifuLgo for 45

at xn.~ a rcsult a thi.-ck*% ,rocipitato of beta-
fo 2rmod, h supernatant li1quid is decanted and

t~ et~j :~-,G n are dissolved in 2 ml of a 5 o solution o1'
and r zJexrudquantitatively into special beakers for

dialys OLo are made from Jeilsand have a screw-on ring
on tae bottom -for fixation of a cello UP'.ne membrane.
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Figure lo Standard curve for determination of the content of beta-
lipoprotains and chylomicrons. Explanation in the text.

The centrifuge test tubes were rinsed twiLe ',ithi 0.5 ml of
distilled. wa.ter, which was deocanted inlto tile same beakers fer dialysis.
Dialysis was conducted at 2-50 for 48 hours against distilled water,
chanrginrr the latter 2-3 times. T~hen the contents of t.-e beakers
were transferred into weighing bottles and dried in a dessicator
at 70800 until a uniform weight was reLcaed. daving determined
btie woight of bota-lipoproteins in each samdle, we cancel out the
cua-vcof01 dependence of the previously deturmined optical density on
tae viht of beta-liioproteins. PiGuru 1 snows tile standard curve
for tiio determination of beta-lipoprotoins in the blood serum of
r4bbits, The proposed curve holds true for bota-lipoprotoins from
tiie serum of both man and animals (rabbits, dogs, and others).

Tissues do not contain chylomicrons and thurofore tAll
lipdoproteins with a density of 1,063 and lower represent com-

pounds which are close or analogous to the beta-lipoproteins of
blood.

For determination of beta-lipoprotins a portion of tissue was
cruhed with quartz sand in the cold in a preliminarily cooled porce-
lain maortar. Then a veronal-medinal buffer (pH 8.6, ionic strength
0.1) was addad there 'An a 5-10-fold mount. The tissue was

3.



I.-

thorougbly crushed in the bulf'6solution to a homogeneous mass,
which was transferred into centrifu-je test tubes a. ,: centrifuged
at 3000 rpm for 10-15 minutes. The extract was poured off and the
beta-lipoprote ns in it determinud. For this purpose to 2 imal of
an 0.025 1A solution of CaCl2 ,o added 0.2 ml of resulting extract
and 0.04 ml of a l. solution of heparin, the mixture was t.oroughly
mixed, and then the optical density (D2 ) was established in a
PrK-A.1-i Photoolectric colorirneter in a cuvette witn a thickness of
0.5 c with a red liGht filter (700 nm)1 just as in the determina-
tio. of o ta-lipoprwtwIns in serm. Then the entire mixtire was
transferred from the cuvette into a test tube and again centrifuged
at 3000 rpm for 15-20 minutes. All the beta-lipoproteins precipi-
tatod. The supernatant liquid was poured off again in - a cuvette
and the optical density (D1 ) was determined. The difference
Dip-- J is attributed to the optical density caused by the beta-
lpoproleins of tissue.

I Table 1

Content of beta-lipoproteins in the blood serum of man and animals
(in mgj)

545 1215 165 530 105 2415 18M

5W3 170 125 5W3 120 355 2410
615 270 M6 580 125 390o 2ij0
660 220 ?20 615 225 515 435
OW0 220 16.5 6430 225 M5575
815 305 3 6 130 --

870 330 265 b00 265 - -

905 360 330 900 165~
925 500 2430 2120 - - -

945 S90 - 1200 - -

1020 - 1410 - -

Key: (a) Ian; (b) Rabbit; (c) Gulnea pig; (d) Suslik; (e) hat;
f)iig; (S) Dog.

A quantitative evaluation was iado b~sad on tno curvo obtained
for the bota-lipoproteins of serum. eio determined the beta-lipo-
protoins in tho aorta und livor of rabbits. in the first case the
dilution of tissue comdrisud l:., and in the second - 1:9. If
tiioro was much beta-lipoupotoin in. the extract being investigated
it was nocossary to dilute it several times.

Tablo 1 presents tho content of beta-lipoproteins in the blood
seruni of man and some animals according to data from the proposed
method,

4.
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Table 2 Table 3

Content of beta-lipoproteins arid Content of beta-lipoproteins
chylomicrona in the blood serum of in the aorta of rabbits
rabbits with uxi-jrlmontal ut,:ro- (in iagv)
sclerosis (in "/6

~ I
"-2w ~3 357

S4 420

low0 700 I3 6 500
1150 bo0063

1350 1300 5 8 711
1375 1150 225 9 797
1975 180 175
2000 1775 225
2100 19A) 150
2100 16300 50(a
2325 2200 125 Key: (a) lo. of animal;225 2950 15)
25 10 500 (b ;3eta-lipoproteins.3025 2075 950
3125 2150 975
3450 3125 325

Key: (a) Beta-lipoproteins plus
chylomicrons; (b) Beta-lipoproteins;
(c) Chylomicrons.

Data from Table 1 are in good agreement with the generally
accepted indices of the content of beta-lipoproteins in blood which
are obtained with the help of preparing ultracentrifuging and
other methods /U.

As a rule in blood taken from man or animals on an empty stomach
the content of chylomicrons was exceedingly low or they were absent.
Howevor, after the t~king o ' fatty food or the development of
experimental atherosclei'osis as a result of feeding the animals
cholesterol, the lovel of chylomicrons can increase significantly.

Table 2 presents data on the content of beta-lipooroteins and
chylomicrons in the blood serum of rabbits with experimental athero-
scleros is.

As can be seen from Table 2, during experimentul atherosclerosis
iie content of chylomicrons and especially of beta-lipoproteins is
"icroesed, while the latter is always greater than chyloiaicrons.
i;o spocific dependence is noted between the content of beta-lipo-
dioteins and chylomicrons. The data cited in Table 2 also testify
that in a number of casvs a significant error can develop if the
beta-lipoproteins were determined with a consideration of the con-
tent of ohylomicrons.

Table 3 presents data on the content of beta-lipoproteins in
the aorta of healthy rabbits.

5.
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[ It can be seen from table 3 that the content of beta-lipo-proteins in the aorta of rabbits exceeds their level in the blood
(see Table 1).

'Still moro beta-l1poproteins are Cound in tha liyor, where
they are foraed. Based on data obtained by uur method the contentof beta-lipoproteins in the liver of a rabbit comprises 1500-2000
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